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Fourteen out of the world’s most-polluted 20 cities are in India

Introduction

City *PM2.5 City *PM2.5

Kanpur 173 Gurgaon 113

Faridabad 172 Jaipur 105
AIR POLLUTION IN NUMBERS Varanasi 151 Patiala 101

Gaya 149 Jodhpur 98
AIR POLLUTION AFFECTS o
NEARLY ALL OF us Delhi 143 Ulaanbaatar 92

Lucknow 138 Hengshui 87
Agra 131 Xingtai 87
Muzaffarpur 120 Anyang 86
An estimated 6.5 m|"|°n deaths were associated with air Srinagar 13 Liaocheng 86
pollution in 2012. This is 11.6% of all gIObal deathS. *(Annual mean, ug/m3)
Source: World Health Organization B|B|C]

WHO Report
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Four plus decades of research over India
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Results on aerosr Rz, '

A decade of change in aerosol properties

subcontinent

Sagnik Dey' and Larry Di Girolamo®
Received 16 May 2011; revised 9 June 2011; accepted 1

» pul

[1] Changing atmospheric aerosol properties cau:
anthropogenic activities carries serious implications ®fF cli-
mate change and human health. The launch of the Multi-
angle Imaging SpectroRadiometer (MISR) onboard Terra
spacecraft more than a decade ago provides the first capabil-
ity to monitor several physical properties of aerosols over
land from space. We use ten years (Mar 2000-Feb 2010)
of observations from MISR to quantify seasonal linear
trends of aerosol optical depth () segregated by particle size
and shape over the Indian subcontinent. Here we show that
many regions (referred to here as hotspots) have statistically
significant (i.e., p < 0.05) seasonal linear trends in 7, with
seasonal 7 increasing in the range 0.1-0.4 in the last decade.

GEOPHYSICAL RESEARCH LETTERS, VOL. 38, L14811, doi:10.1029/2011GL048153, 2011

the Indian

29 July 2011,

region (e.g., Zhang and Reid [2010] focused on the oceanic
region), or an average over the entire area of the Indian
ontinent [e.g., Streets et al., 2009]. A comprehensive
analysis of temporal changes in aerosol characteristics
attributions are still lacking in the subcontinent,
where space-time coverage of long-term in-situ
observations are not adequate to understand the potential
impacts of aerosols on regional climate, monsoon circulation
and human health.

[3] We recently reported on the first satellite-based cli-
matology of aerosol optical and microphysical properties
over the Indian subcontinent retrieved by the Multiangle
Imaging SpectroRadiometer (MISR) [Dey and Di Girolamo,
2010], where the relative contribution of anthropogenic and

Photometery aboard rocket
INDOEX field campaign
Regional field campaign
Decadal change in aerosols
from satellite
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Identlfy source areas fro Asia is undergoing rapid urbanization rese... ‘3 cxhibjmﬁ Clbll)m. ""'ﬂg contrj bﬂe‘n ss-K ad har-
dust levels occurred duri  megacities to sulfur emissions and pollution in Asia is Stuun— . 2 PilMog sha "bution, 7, he espent in
India/Pakistan/I dt Lagrangian puff transport model. Asian megacities cover <2% of the ia.— s Within the fine sork more
ndia/Fakistan/iran an anthropogenic sulfur emissions of Asia. It is shown that urban sulfur emissions contribute vye. - its. Com-
found off the Omani coa: pollution levels in large parts of Asia. The average contribution of megacities over the western Pacific increase. . nd fields

<5% in 1975 to > 10% in 2000. Two future emission scenarios are d for 2020—"b asusual (BAU)"and  und, rising
throughout the year, sug  “maximum feasible controls (MAXF)" to establish the range of reductions possible for these cities. The MAXF e etal, 2009].

scenario would result in 2020 S-emissions that are ~80% lower than those in 2000, at an estimated control cost of US ~ he next plant-

$87 billion per year (1995 USS) for all of Asia. An urban scale analysis of sulfur pollution for four megacities—

Shanghai, and Chongging in China; Seoul in South Korea; and Mumbai (formerly Bombay) in India is presented. If

pollution levels were allowed to increase under BAU, over 30 million people in these cities alone would be exposed to

levels in excess of the WHO guidelines.

@© 2002 Elsevier Science Ltd. All rights reserved.

power plants [Prasad et al., 2006, 2012). The
degree to which different pollutants are at
play, however, needs further study.

How Pollution Spreads

With the onset of the winter months, the
decrease in temperature results in lower
boundary layer height, favoring the accumu-
lation of pollutants near Earth’s surface. In
combination with the high relative humidity
and other meteorological parameters (e.g.,
calm winds typical of post-monsoon months),
weather promotes the formation of smog
[Gautamn et al., 2007] (see also Figure 1b).
Analysis of MODIS aerosol optical depth
(AOD) and data from NASA's Atmospheric
Infrared Sounding satellite have shown higher
AODs and carbon monoxide volume mixing
ratios over the western IGP, with significant
gradients toward the east during the peak
of the burning period. Nitrogen dioxide con-
centrations also spike during the fires.

Carbon monoxide and nitrogen dioxide are
among the main elements of smog. Both also
work to seed smog with ground-level ozone, a
potent greenhouse gas.

Aerosol
Properties

Aerosol
Sources

Several studies have
been published that
identify dust , biomass
burning , biofuels,
vehicular and industrial
pollution as dominant
sources of aerosols in
the region but their
relative contribution
remain unknown
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Results on aero ~~aments from balloons
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Indian landmass and its spatial
igher values close to the sur-
ridional increase is observed

Aerosol
Properties
Aerosol

Sources

Vertical
Distribution

Over the year aircrafts
have been used o
measure vertical profiles
of aerosols and its
properties along with
CALIPSO over last
decade
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o the wintertine Aerosol
Properties
R Aerosol
Sources

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 109, D20211, dei:10.1029/2004JD004924, 2004
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dimate system” ¥, mineral dust also has many other tmpacts, such as on marine
: deposttion’, deterioration of air qualtty by cotributing to

productivity throegh nutrient  th
matter PM2.5”, on human healthbycaus  d

. ing acute respiratory diseases™ >, The studies 1o the past shown that the presence of large absoching dust -
: in the atmosphere can enhance the lower 7%_For example, it bas been shown that Indtan ¢
| summer monsooa rainfall 1s related to dust loading (both locally and remotely) at different time scales* 7%, "
© Tha daedtad hast rece -q,hqm/ Acset Freem loral snreae commbined with hla-k - t-

Tl aetor) 7 o
induoé"d'hf.’ffem,‘,”‘"g:"e o2 o % (0 that caused by anthropogenic aerosols. The Middle East dus
aerosols tend’ tbfs’he;o";':k(f :ee,,',?;‘ﬂc,,, ymonsoon flow, which can transport more water vapor to southern
and northern lﬂdia”:h,'_{fipg "hzg,,‘j’; sgenic aerosols tend to enhance the southeasterly monsoon flow,
resulting in more water vaia'tirm..’fo;z allover northern India. Both dust and anthropogenic aerosol-induced
rainfall responses can be attributea .  their heating effect in the mid-to-upper troposph which enh,
monsoon circulations. The heating effect of dust over the Iranian Plateau seems to play a bigger role than that
over the Tibetan Plateau, while the heating of anthropogenic aerosols over the Tibetan Plateau is more
important. Moreover, dust aerosols can decrease rainfall over the Arabian Sea through their indirect effect.
This study addresses the relative roles of dust and anthropogenic aerosols in altering the ISM rainfall and
provides insights into aerosol-ISM interactions.
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In order to understand the changing
nature of aerosols and its implications for
AQ and regional radiation budget,
continuous monitoring of aerosols is
required






Characterizing Nearly Two Decades of Biomass Burning Over The Indian Sub-Continent Using Satellite,
Surface and Model Simulations

MODIS VIIRS CERES

e Aerosols * Aerosols * Flux — ’ r - -
« Fires * Fires ] «Satellite Product Evaluation

eSpecial Aerosol Retrievals

Satellite | +Spatial and Temporal Fire Burning Trends
Measurements

— *Impact of Fires on Atmospheric Aerosols

*Column to Surface Relationships and Air Quality

Biomass N . . .
Burning and | *Estimation of Aerosol Direct Radiative Effects
Aerosol
Characteristics *Long-term Trends in PM2.5, AOD and ARE
over Indian
Sub-Continent
VRN
Surface Model Outcome
Measurements Simulations ~—
Publications VISUO|IZCI|:IOh and Capacity Building
*Regulatory *AOD o Emissions \/ AT\@OOl \/
Measurements «Size Distribution e e . .
e ABEETEiTen * Specific Fire Event Simulations

Measurements * Biomass burning impact Analysis

_______________________________________________________________________________________________________________________________________________________________________________________



Aerosol Data & Validation - India

MODIS C6 AOD

C6(2003:2012), Aqua_
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High Resolution Gridded Product

______________________________________________________________________________________________________________________________________________________________________________

MODIS High Resolution Level 3 Gridded Data Sets

Some Potential Cases in Daily Grids

AN ° ° °

0.1° Monthly Grid

Arithmetic Mean AOD

Median AOD

Standard Deviation

Minimum AOD

Maximum AOD

Number of Days with valid AOD

0.1° | —

0.1°

MYDO04_L3.HighRes.YYYYMM.nc
MODO04_L3.HighRes.YYYYMM.nc

Visualization tool for this data is under development



Regional Contrast in Aerosol Trends

2003-2007 _

2008-2014
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IGP is highly
influenced by
mineral dust
during
premonsoon
and sea salt
during
monsoon,
while during
postmonsoon
fine mode
aerosols
dominate



Seasonal Pattern of Fires

VIIRS fires detected on March 28, 2016 (left) and

gﬂoirgh 28, il Nov. 02, 2016 Nov. 2, 2016 (right). In March we see much burning in

central and southern India (agricultural and open fires)
| and some fires in the IGP and Nepal (forest fires). On
e Nov 2nd, 2016 the fires have migrated to Northern
India, and Pakistan (Image Generated using
Worldview).

MLSEICLCE SR | Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Sowing
Harvesting
10000 .
Agricultural fires show o000 Rice
[ £ 7000
blmodql frend. : géooo
corresponding fo Rice- £ so0
Wheat residue burning 8 3000
2000
1000 Residue Residue
’ Jun Jul Aug Sep ,burnlng, Dec Jan Feb Mar burning '

Vadrevu et al.,, 2011. Env. Pollution 13
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Leveraging NASA Citizen Science
Project — Deploying Low-Cost AQ
sensors in India
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Impact of Biomass Burning on Air Quality

Satellite and §urfgce M.easure.men.ts Rgspond to VIIRS Fire Counts & PM2.5 — Delhi, India
Change in Air Quality During Fires in CA
Aerosol Optical Depth at 550 nm PM2.5 Mass Concentration (ugm=) 800 10000
- : l l . - l . _ ==PM2.524h ==VIIRS Count
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E 600 \
Satellite Surface g
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g ‘ j / ‘ 2000
0 0
2016-09-30 2016-10-20 2016-11-09 2016-11-29 2016-12-19

VIIRS Fire Count

Gupta et al., 2018



Model Simulation - November 06, 2016 GEOS/FP combined (PM,

$O2 and CO) air quality
index (AQI)

07:30Z

AQIl in New Delhi, India

500

o &
< :
200 )
150
100
Moderate
50 Agricultural fires
0 Good . ‘ . . . . > ) -
\.0 10&6 xQQ”LQ‘\’b (}-\610\’6 \,']:1’10‘\6 “19’1,0‘\6 406’2’0&6 q'\’l’q’o‘\’b \1\91’0‘\6 From; Darmenov et OI”
C C C C (8) (o) O
© © © © © Ly ¥ L Goals:
- GEOS experiments e Estimate contributions due to fires, dust and other
— Experiment 1: Full set of emissions sources

— Experiment 2: No biomass burning

- » |dentify biases in the forward model
emissions

 Correct the biases in PM2.5 and find the contribution of
the fires to the AQls



Challenges & Approaches

« Various visual satellite images and correlation analysis suggests the impact of fires on
aerosol loading, there is little direct proof.

« during the post monsoon season, aerosols originate not only from crop burning, but also
from domestic heating (due to cold temperature) and industrial & vehicular pollution.

« during the spring/summer fire season, dust is added to the mix, which create another layer
of complexity and requires a different approach.

— Long-term background aerosol climatology. This background should include all “norma
parficle producing activity, with fires adding an “abnormal” positive perturbation to
these values.

— Explore multiple spectral/spatial tests to identify and retrieve smoke aerosol optical depth
— CALIPSO climatology of aerosol typing will also be explored
— Model simulations with improved emission data sets



Summary

« The ISC is suffering from overwhelming burdens of particulate air pollution
and creating significant radiative perturbations to the regional and perhaps
global energy balance.

 How much of this burden is due to smoke from fires?
 How has the confribution from biomass burning changed over the years?

 How can we inform policy decisions that will begin to mitigate this burden
and perturbatione

- With nearly two decades of satellite aerosol and fire detection products,
advanced global modeling system, combined with a network of ground
measurements in the region, we aim to begin to answer some of these
guestions.



